7 population (n = 3,698). We performed k-means clustering on these 3,698 genes in each 1 4 1 population using the R package "cluster" (version 2.0.1; 13) with 20 initializations, and we 1 4 2 characterized patterns of changes in sample assignment to clusters when k = 3 versus k = 4. We 1 4 3 further characterized clustering solutions within populations using sample-by-sample Pearson's 1 4 4 correlation matrices. We repeated our analyses using NMF in the R package "NMF" (version Identification of Syn-Clusters
We performed a significance analysis of microarray (SAM) (15,16) analysis on all 1 4 9
clusters from each population for k = 3 and k = 4 using all 10,930 genes. This resulted in a 1 5 0 cluster-specific moderated t statistic for each of the input genes (17). To summarize the 1 5 1 expression patterns of all 10,930 genes for a specific cluster in a specific population, we 1 5 2 combined the moderated t statistics into a vector of length 10,930. To generate comparable labels 1 5 3 across k = 3 and k = 4 analyses, the k = 3 cluster which was most strongly correlated with a k = 4 1 5 4
cluster in the TCGA data was labeled "cluster 1" and the second strongest "cluster 2" etc. Clusters in other populations that were most strongly correlated with the TCGA clusters were 1 5 6 assigned the same label. Clusters strongly correlated across populations form a syn-cluster (SC); i.e. the clusters from each population that are strongly correlated with each other and with TCGA 1 5 8 "cluster 1" belong to SC1. We also compared our sample assignments to subtypes reported in the 1 5 9
Tothill, TCGA, and Konecny publications. . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/030239 doi: bioRxiv preprint first posted online Oct. 30, 2015;  8 To annotate the SCs with associated biological processes, we first identified the 1 6 3 statistically significantly differentially expressed genes in the SAM list. We used a Bonferroni 1 6 4 adjustment taking into account the total number of genes considered (10,930) resulting in a p-
value cutoff of 4.6x10 -6 . We used the intersection of these cluster-specific genesets across
populations to create the final SC associated genesets. We then input these SC associated
genesets into a PANTHER analysis (18) to determine SC-specific overrepresented biological RESULTS:
Sample Cluster Assignment
To visually inspect the consistency and distinctness of the clusters, we compared sample-
by-sample correlation heatmaps (Fig. 1 ). For both k values and in each population, we observed
high sample-by-sample correlations within clusters and relatively low sample-by-sample
correlations across clusters (Fig. 1) . The clusters in the Bonome population are depicted in gray scale because, in cross-population analyses to identify SCs, their expression patterns did not
correlate with the clusters observed consistently in the four other populations (Table 2) .
To better understand the changes in cluster assignment for k = 3 versus k = 4, we
compared the number of samples belonging to each cluster by k within each population
(excluding Bonome; Fig. 2) . Overall, the cross-k pattern was consistent across populations.
Cluster 1 contained essentially the same samples for both k = 3 and k = 4, as did cluster 2, but 1 8 2 samples from cluster 3 when k = 3 tended to be split between clusters 3 and 4 when k = 4. 3, and cluster 4 in k = 4 tended to include some samples from cluster 2 in k = 3 (Fig. 2) . Mayo, and Yoshihara cluster assignments ( Fig. 3; Table 3 ). However, while the clusters across k 1 9 1 = 3 and k = 4 were correlated within the Bonome data, they did not correlate strongly with clusters identified in the other populations (Table 3) . Because the correlations are so low same SC, and negative correlations between clusters in different SCs, were stronger for clusters both SC1 and SC2 across populations, and strong negative correlations between SC1 and SC2. Weaker and more variable positive correlations were observed for SC3 and SC4 across populations. For k = 4, Yoshihara cluster 3 appears to be correlated to both clusters 3 and 4 in the 2 0 0 other populations, and cluster 4 to be additionally weakly correlated to cluster 2 in the other 2 0 1 populations.
0 2
Within each population, clusters identified by NMF were very similar to those identified 2 0 3 using k-means clustering (Fig. 4) . Again, both positive and negative correlations are stronger for 2 0 4 k = 3 than for k = 4. Across k = 3 and k = 4, correlations are strongest for clusters 1 and 2. Sample cluster assignments for both k-means and NMF clusters are provided in Table S2 . . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a
The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/030239 doi: bioRxiv preprint first posted online Oct. 30, 2015;  Our clustering results for the Tothill, TCGA, and Mayo datasets are highly concordant 2 0 9
with the clustering described in the original publications (3-5), as evidenced by the high degree 2 1 0 of overlap in sample assignments to the previously-defined clusters (Table 4) . Our SC1 for both 2 1 1 k-means analyses was mapped to the "Mesenchymal" label from TCGA, "C1" from Tothill, and 2 1 2 mostly to "C4" from Mayo. SC1 was the most stable in our analysis within all datasets, across k 2 1 3 = 3 and k = 4, and across clustering algorithms. SC2 was most similar to the "Proliferative" label 2 1 4 from TCGA, "C5" from Tothill, and "C3" from Mayo. This was the second most stable SC. SC3 for k = 3 was associated with both the "Immunoreactive" and "Differentiated" TCGA labels,
"C2" and "C4" in Tothill, and "C1" and "C2" in Mayo. When setting k-means to find four 2 1 7
clusters, SC3 was associated with "Immunoreactive", "C2", and "C1" while SC4 was associated 2 1 8 with "Differentiated", "C4", and "C2" for TCGA, Tothill, and Mayo respectively. Pathway used uniform sample inclusion criteria and applied k-means clustering and NMF through a 2 2 7 standardized pipeline to five distinct publicly-available HGSC datasets including American, Australian, and Japanese women. To identify the HGSC clusters, we included only the 1,500 2 2 9 most variable genes in each population, as was done in TCGA analyses. However, we used the 2 3 0 combined set of most variable genes across the five populations to perform clustering, to ensure 2 3 1 . CC-BY 4.0 International license peer-reviewed) is the author/funder. It is made available under a The copyright holder for this preprint (which was not . http://dx.doi.org/10.1101/030239 doi: bioRxiv preprint first posted online Oct. 30, 2015;  11 that important genes, which may not have met the threshold in one population but did in others, 2 3 2 were still considered. For each cluster in each population, we summarized the differential 2 3 3 expression of 10,930 genes, and compared these cluster-specific gene expression patterns both 2 3 4 within and between populations to determine which genes in a specific cluster were over-or clusters observed across populations. Despite considerable diversity in the populations studied 2 3 7 and the assay platforms used, in four of the five populations studied, we identified two very 2 3 8 distinct SCs (SC1 and SC2), and a third SC (SC3) and potentially fourth SC (SC4) that appear 2 3 9 more variably. The results were also similar using two distinct unsupervised clustering were not analyzed in the original Konecny et al. publication (5).
4 7
While the groupings of samples from these data-driven, agnostic analyses are quite 2 4 8 similar to those previously reported, we did not observe any strong patterns in survival 2 4 9 differences across the subtypes that we identified (see Supplementary Material). However, we 2 5 0 would not necessarily expect to find differences in survival unless the biologic characteristics of to identify robust subtypes so that they can be exhaustively characterized and targeted treatments 2 5 3 can be developed. That SC1 and SC2 were found regardless of the number of clusters specified, 
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